Patient reporting of the severity and impact of symptoms is an essential component of cancer symptom management and cancer treatment clinical trials. In multinational clinical trials, cultural and linguistic variations in patient-reported outcomes instruments could confound the interpretation of study results.
Cancer-related symptoms produced either by the disease itself or by the toxicities of treatment are what patients report to clinicians as subjective negative feelings that may be physical (such as pain, fatigue, and shortness of breath), cognitive (such as memory problems), or affective (such as sadness and emotional distress). These multiple symptoms collectively impose a symptom burden that greatly affects a patient's quality of life and daily activities (1) .
Characterizing symptom burden requires accurate measurement of symptom severity and the degree to which symptoms interfere with daily life. Psychometrically validated tools for assessing patient self-report of symptoms and interference (patientreported outcomes [PROs] ) are widely accepted in oncology practice and are increasingly used as primary or secondary outcomes for clinical trials (2) .
Psychometrically sound, culturally valid, standardized PRO assessment tools are available for administration to patients from diverse racial, ethnic, and cultural and language groups. However, many PRO measures (including symptom scales) and most guidelines for cancer symptom management (3) (4) (5) (6) are initially developed and validated in English and later translated into other languages. When clinical trials that include patient self-report or the application of treatment guidelines are conducted in patients with diverse linguistic backgrounds, cultural differences can confound the accuracy and cross-similarity of the PROs, thus complicating the interpretation of the trial results and the application of the clinical guidelines. Knowing the degree to which symptom ratings might vary as a function of language or nationality is therefore important for both the clinical trials and the treatment of symptoms and requires empirical evidence of the effects of language on the performance of a symptom measure (7) .
Several well-validated PRO assessment tools are used transnationally in oncology, including the Functional Assessment of Cancer Therapy (FACT), the European Organisation for Research and Treatment of Cancer (EORTC) QLQ-C30, and the M. D. Anderson Symptom Inventory (MDASI) (8) . Whereas the FACT and QLQ-C30 are measures of health-related quality of life, the MDASI focuses specifically on measuring the severity and interference of cancer-related symptoms caused by disease and the treatment process. A systematic review of cancer symptom assessment tools by Kirkova et al. (9) rated the MDASI highly in terms of
Symptom Assessment
The MDASI (8) is a brief, psychometrically validated, multisymptom assessment tool that assesses 13 symptoms commonly associated with cancer or its treatment, including pain, fatigue, nausea, disturbed sleep, distress, shortness of breath, difficulty remembering, lack of appetite, drowsiness, dry mouth, sadness, vomiting, and numbness or tingling. Patients rate the severity of each of these symptoms in the past 24 hours on an 11-point scale ranging from 0 (not present) to 10 (as bad as you can imagine). Six additional items measure the degree to which symptoms have interfered with various facets of the patient's daily life during the past 24 hours, including general activity, mood, normal work (both work outside the home and housework), relations with other people, walking, and enjoyment of life. Interference items are also rated on an 11-point scale ranging from 0 (does not interfere) to 10 (completely interferes).
The four non-English language versions of the MDASI used in this analysis were developed and tested using a consistent translation/back-translation procedure (14) . The psychometric properties for the foreign-language translations of the MDASI included in this analysis have been shown to be satisfactory and
CONteXtS AND CAVeAtS

Prior knowledge
The results of clinical trials or treatment guidelines for patients of different nationalities and languages may be difficult to interpret because of linguistic and cultural differences in patient-reported outcomes. The M. D. Anderson Symptom Inventory (MDASI) is used to assess 13 symptoms commonly associated with cancer or its treatment.
Study design
Pooled MDASI data were analyzed from validation studies conducted with 1433 patients from the United States, China, Japan, Russia, and Korea. Variations in MDASI scores attributable to linguistic and cultural variations were compared with intersubject variations in patient responses.
Contribution
National and linguistic variations in patient responses to the MDASI were small relative to individual patient-related factors. Adjusting for patient and clinical factors, the country effect accounted for only one-fourth to one-half of the patient-to-patient variation in MDASI symptom severity ratings, especially for the most severe symptoms.
Implications
Symptom data obtained using various language versions of wellvalidated patient-report measures such as the MDASI can be pooled to analyze multinational clinical research and can provide reliable symptom assessment for oncology practice in other parts of the world.
Limitations
Only one to three treatment centers were sampled in each country, so the effect of country may be confounded with that of individual sample site. Cancer stage was not used as a covariate because data for this variable from one country were missing.
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comparable to the English version (8, (10) (11) (12) (13) . The internal consistency (reliability) of the symptom and interference items in each of the five language versions of MDASI has been demonstrated by Cronbach alpha coefficients (15) , which are calculated by subtracting from one the ratio of the sum of the component score variances to the true score variance. A coefficient value lower than 0.70 suggests either that one or more items have high variability or that the items are not all measuring the same underlying construct. A high degree of internal consistency exists in all five language versions, with Cronbach alpha coefficients of 0.85-0.93 for the symptom severity subscales and greater than or equal to 0.90 for the symptom interference subscales.
Statistical Analysis
The five countries represented the nationality and/or language variable, defined as "country," in our analyses. Descriptive statistics, including proportions and SDs, were used to describe the characteristics of the sample from each country. All statistical tests for symptom severity by sex and chemotherapy status were twotailed, and a P value less than .05 was considered to be statistically significant. P values reported herein represent two times the smaller of the posterior probabilities that the parameter of interest was either less than or greater than zero.
Ordinal probit regression modeling (16) was used to estimate the effect of country on symptom report, with each MDASI symptom score treated as an ordinal response. Country was modeled as a random effect. The SD of the random effects attributable to country was implicitly scaled relative to the intersubject variance of 1.0. Ordinal probit regression models allowed us to account for subject-specific explanatory variables as fixed effects. The covariate vectors were age, sex, Eastern Cooperative Oncology Group performance status (ECOG PS) score (17) , and whether or not the patient was receiving chemotherapy at the time of assessment.
To define an ordinal probit regression model, let P p
. ., 9 denote the cumulative categorical probabilities that patient i responds in category r or less (note that P i,10 = 1), let b denote a regression parameter, let x i denote a vector of patient covariates for patient i, and let z i denote a five-level factor vector indicating the ith patient's culture/language. Then, the regression model for each MDASI item can be described by the equation . To complete the model specification, we assume that the prior distribution on s 2 is proportional to Cauchy density truncated to the positive real axis, that the prior densities on the components of b are uniform on the real line, and that the prior densities on the components of u r are uniform subject to the constraint that u u r r −1 ≤ . We used a Gibbs sampling scheme to obtain a posterior sample of parameters (16) . After 2000 burn-in iterations, 100 000 updates of each parameter were performed to obtain a joint posterior sample on all unknown parameter values.
This mixed-effects ordinal probit regression modeling method facilitated the interpretation of the country random-effects variance, s 2 . According to the mixed-effect probit model, the betweenpatient variation for patients who have the same covariate values is defined to be 1.0 on the latent probit scale. Thus, the magnitude of the random-effects variance has a simple interpretation in terms of its magnitude relative to the unit interpatient variability.
There are several reasons for modeling country effects as random effects. First, our intent in performing these analyses was to demonstrate that the MDASI can be used to assess symptoms from many international patient populations, not just the five countries for which data were available. Therefore, we regarded the countries available for analysis as a sample (even if not random) of the countries that we are potentially interested in studying. Second, it is not uncommon to fit random-effects models with four or five random effects. We were then able to compare the "average country effect" with the effects of other variables (eg, ECOG PS). Regarding country effects as fixed effects would have required us to make country-specific comparisons to the effects of other variables, thus proliferating the number of comparisons. Finally, because sufficient sample sizes from each country were included in the analysis, the estimated country effects (the posterior mean estimates) obtained from the random-effects model were almost identical to those that would be obtained from the countries in the random-effects model or from a corresponding fixed-effects model. The shrinkage effect on the parameters associated with the country effects that results from modeling these effects as random was negligible in our analysis.
The focus of our study (rather than to test whether the effects of country are zero) was to estimate the relative importance of country on symptom reports in relation to other known factors, such as ECOG PS. Therefore, we did not perform power calculations against prespecified alternative values of the country effect sizes. Also, because the missing data rates were small from each country (0.04%-2.40% on MDASI symptom items), we simply excluded missing data from our analysis.
Results
Sample Characteristics
Data from 1433 patients were included in our analyses: 524 patients from the United States, 249 from China, 256 from Japan, 226 from Russia, and 178 from Korea. Patient demographic and disease information is summarized in Table 1 . Compared with the other samples, the Japanese sample included fewer patients undergoing active treatment because much of the Japanese data were collected at clinic follow-up visits (Table 1) .
Symptom Severity and Prevalence
Analysis of symptom data revealed that cancer patients from the five national and linguistic groups were similar in their symptom experiences across the various stages of disease and treatment. Cross-nationally, fatigue was consistently the most prevalent moderate to severe symptom [rated ≥5 on the MDASI 0-10 scale (18)]. The prevalence of moderate to severe MDASI symptoms for the pooled sample and for each nation is presented in Table 2 . In the analysis of symptom severity overall, fatigue was followed by disturbed sleep, distress, pain, lack of appetite, and drowsiness (Table 2) . Treatment-induced symptoms such as nausea, vomiting, and numbness were consistently rated as the least severe of the 13 MDASI symptoms ( Table 3) . Table 3 presents the posterior mean estimates for the mixedeffects ordinal probit regression models that include random-effects variables to reflect the influence of cultural and linguistic factors on symptom scores. The random-effects variance (s 2 ) of the country effects for each symptom and the coefficients for age, sex, ECOG PS, and chemotherapy status can be compared with the between-patient variance of 1.0. Positive coefficients are associated with increased symptom severity.
Effect of Country on Symptom Reporting
The variances of random effects due to country for all symptom ratings were less than 1.0 (Table 3 ). The magnitude of the variance of the country random effects was only one-fourth to one-half, approximately, of the interpatient variation (s 2 = 0.23-0.46) for all symptoms, except nausea and vomiting. The range of the posterior means of the variances of the country effect was the lowest (s 2 = 0.23-0.28) for fatigue, disturbed sleep, and sadness (Table 3) . Fatigue and disturbed sleep were also the most severe symptoms.
The posterior mean of the variances of the random effects due to country for each of the MDASI interference items was also smaller than individual differences, demonstrated by randomeffects estimates less than 1.0 for each of the interference items. The smallest random-effects variance was observed for the interference with work item (s 2 = 0.14), whereas the relations with others item (s 2 = 0.85) was the most affected. The variances for the items activity, walking, mood, and enjoyment of life ranged from 0.30 to 0.40.
Effect of Performance Status and Demographics on Symptom Severity
To facilitate the comparison of random effects due to country, we next compared the SDs of the random effects for country (s, which is on the same scale as the regression coefficients) with the ECOG PS variable for each symptom. We found that patients with poor performance status (ECOG PS = 2-4) consistently reported more severe symptoms, on average, than patients with good performance status (ECOG PS = 0-1) and that the difference in the magnitude of mean effect between good and poor ECOG PS was much larger than the SD of the random effect for country. Table 4 shows that, for most symptom items, the estimates of the random-effect SD associated with country were roughly comparable to the magnitude of the difference in symptom responses for patients with ECOG PS 1 vs 0.
After adjusting for country effects, we found that women reported statistically significantly more severe fatigue, sadness, and distress (all Ps < .001), and disturbed sleep (P = .003). As expected, patients receiving chemotherapy reported more severe nausea and vomiting (all Ps < .001).
Discussion
The results of this study indicate that national and linguistic (country) variations in patient responses to the MDASI are small relative (7) 37 (6) 31 (6) 29 (4) † 15 (7) 50 (6) Sadness 32 (8) 32 (8) 28 (7) 29 (5) to individual patient-related factors. Analysis of MDASI symptom and interference ratings from cancer patients in five countriesthe United States, China, Japan, Russia, and Korea-revealed that the variance of the random effects for country was between 20% and 50% of the intersubject variance. These results give some reassurance that symptom data obtained using various language versions of the MDASI, and possibly patient-reported symptom data from other measures, can be pooled to analyze multinational clinical research. Previous studies have begun to address cross-cultural equivalence in patient-reported health-related quality-of-life measures. Although progress has been made toward identifying the arenas in which equivalency should be established, few studies have been designed to test assertions about cultural applicability. Such studies have noted that adapting a PRO measure for crosscultural use requires a careful accounting for the differential impact of culture on results (19) and the establishment of conceptual equivalency (7) . Confirmation of an adapted measure's psychometric validity and reliability is insufficient evidence of its suitability for use across cultures (20) . A few studies of crosscultural comparison have examined the dimensional structure of certain PRO instruments (21, 22) but not within the cancer population. Other studies conducted in patients with cancer examined multidimensional scaling for cancer pain (23) and the use of differential item functioning for the European Organisation for Research and Treatment of Cancer 30-item quality-of-life questionnaire (24) and FACT-Breast (25) but did not examine the magnitude of effects of language translation and culture/nationality on how people respond to these measures. Thus, additional investigation in internationally coordinated projects is needed to provide sufficient evidence of measurement equivalence for various language versions of major health-related quality-of-life measures (26) . Findings of cross-cultural equivalency would support the international application of clinical guidelines for symptom management because such guidelines are often based on symptom ratings.
In this study, we compared variations in MDASI scores attributable to linguistic and cultural variations with inherent intersubject variations in patient responses. In the interpretation of retrospective data collected from a single nationality, the results from our analyses suggest that the magnitude of various cultural or linguistic backgrounds is likely to be only one-fourth to one-half of the interpatient variation of MDASI symptom reports obtained from an otherwise homogeneous population.
In future studies that use PROs, this type of probit analysis method would allow investigators to estimate the impact on symptom reports of patient or clinical variables, such as sex or ECOG PS, thus making it possible to determine whether the effects of such variables are sufficiently important to be included in subsequent data analyses. For example, in this study, the average difference between symptom reports of patients with poor performance status (ECOG PS = 2-4) and patients with good performance status (ECOG PS = 0-1) was larger than the country effect for most symptoms. We note that it is common practice to collapse ECOG status into poor and good categories when analyzing PRO data; our analyses thus suggest that ignoring the language effects associated with the administration of the MDASI instrument is likely to have a smaller effect on study conclusions than collapsing ECOG categories in this way. We also found small but statistically significant effects for sex across samples, with women reporting more severe fatigue, sadness, sleep disturbance, and distress. Again, these differences were small compared with overall individual patient variability.
A finding of a statistically significant country effect in crossnational and cross-cultural studies affecting symptom report data might derive from several sources. First, a poor translation from the original linguistic version could compromise the instruments' comparability (27) . Although there is no empirical evidence in favor of one specific method of translation of a PRO tool, we used an internally consistent procedure for translating all versions of the MDASI (28) . In addition, in contrast to the more abstract concepts assessed in most quality-of-life measures, the MDASI assesses only symptoms; it uses single words or simple phrases for its items and a straightforward 0 to 10 numeric rating scale, making the translation of MDASI items relatively simple and the establishment of equivalency less challenging. In this study, we demonstrated that the more severe symptoms-fatigue, disturbed sleep, distress, and pain-are less subject to nation and linguistic effects, as evidenced by the small effect of country on these symptom items. Symptom management practice is known to vary from country to country (29) , as well as from one treatment site to another within a country (30) . It is thus not unreasonable to expect that symptoms might be more severe in countries and sites with less aggressive symptom management. With the current models, we did not take into account differences in symptom management practice between countries as a fixed-effect factor. However, the consistency in this study in the most severe symptoms reported by patients, regardless of the characteristics from each sample, as well as the consistency in patients with poor ECOG PS reporting more severe symptoms, indicates that the MDASI functioned similarly across language versions in characterizing symptom burden. In addition, the very small effect of country on pain ratings from this study also supports our procedures, given that one would expect much greater cross-national variation in pain control (ie, variations in practice of prescribing opioids, which are the World Health Organization's recommended standard for management of severe cancer pain) (31) than in fatigue management (because of lack of widely used therapeutic methods to control fatigue).
The study had several limitations. First, the effect of country was confounded with the effect of the individual sample site because only one to three treatment centers were sampled in each country. This could prevent a full examination of patient cultural differences within the same language from country to country. Second, although we expect that language differences in symptom reporting will be even smaller with more homogeneous samples, this expectation needs to be tested empirically. The current analysis used pooled data from heterogeneous samples and did identify one MDASI interference item-relations with othersthat was affected by country. Additional research is needed, and caution is warranted when interpreting the meaning of "relations with others" in international MDASI data. Third, we were not able to use cancer stage as a covariate in the modeling because data from one country for this variable were missing. However, the similarity in the percentage of patients with metastasis indicates a comparable disease status across all samples.
In conclusion, this analysis suggests that once psychometrically sound translations of the MDASI have been established, various language versions can be used to gather symptom severity and interference ratings that can be interpreted in a similar way across patient nationalities. The generalizability is meaningful for interpreting the results across various cultural and language groups and provides greater utility in symptom assessment for oncology practice, clinical trials, and clinical research-not only among the diversity of patients in the United States but also for patients with cancer in other parts of the world.
